Learning style as one of the most important individual differences explains the features of individuals' learning process and defines the ways of their own learning. Among the various learning style indexes, the ILS of Felder-Soloman is one of the most preferred ones. Because the ILS was developed for engineering students, it is important to examine whether this instrument could be used for the students of faculty of education or not. In this study, it was aimed to test the construct validity of the ILS for the students of a faculty of education at Anadolu University in Turkey. According to the results of the Confirmatory Factor Analysis (CFA), the 44-item original structure of the ILS did not present a model fit with the data at hand. Indeed, the low reliability of one dimension of the scale showed that ILS could not be used as a valid and reliable scale for the participated prospective teachers.
Introduction
It is very important for individuals to have information regarding their own features of learning during the process of learning to learn. Learning style is such an important term that explains the features of individuals' learning process and defines the ways of their own learning. In the literature, there are various learning style models and indexes based on these models. Among the learning style models, Kolb, Dunn and Dunn, Hanson-Silver, Gregorc, Grasha and Riechmann, Canfield, Honey and Mumfort, Felder-Silverman, Paragon learning style models could be counted (Claxton & Murrell, 1987; Felder & Silverman, 1988; Ekici, 2002; Güven, Çardak, Sever & Vural, 2008; Güven & Çardak, 2014; Honey & Mumford, 1995; Silver, Strong & Perini, 2000) . Considering the learners' education level, various learning style models were studied for Turkish context and related scales were adapted into Turkish. Indeed, adaptation studies related to some of the scales of various learning style models were conducted with the participation of Turkish prospective teachers (e.g. Akgün et al., 2014; Dağhan & Akkoyunlu, 2011; Doğan & Çermik, 2012; Vural, 2013) . Besides, in the literature related to Turkish prospective teachers' learning styles, Kolb Learning Style Model (e.g. Açışlı, 2016; Can, 2011; Canvas, 2010; Özdemir, 2014) , Grasha-Reichman Learning Style model (e.g. Deniz, 2013; Narli, Aksoy & Ercire, 2014; Yeşilyurt, 2014) and Gregorg Learning Style Model (e.g. Topuz & Karamustafaoğlu, 2013; Yenice & Saracaloğlu, 2009 ) draw the attention.
Apart from widely known learning style models such as Kolb, Dunn and Dunn, or Gregorg, Felder-Silverman (1988) Learning Style Model gains popularity in recent years. This model explains the learning preferences of the students through focusing on different aspects of a learning process, which were referred as perceiving and understanding the information. Such comprehensive learning style models might help both learners and instructors to design learning-teaching processes in more detail. Indeed, if the learning preferences of the student could be identified, designing the learning materials and activities accordingly might result in more effective learning.
ILS of Felder-Soloman (2004) is based on the learning style model of Felder-Silverman so that it determines the learning preferences of the students in a very comprehensive way. Additionally, ILS has been used for identifying the learning preferences of the student studying especially on engineering. ILS is also one of the most preferred learning style indexes by the adaptive educational hypermedia system developers (Akbulut & Cardak, 2012) . The future of the education is foreseen to be depended on such systems and the success of ILS for adaptive educational hypermedia should be considered not only for the engineering students but also for the students of faculty of education.
Though the ILS was previously adapted into Turkish Language for the engineering student by Arslan (2003) , its soundness for the prospective teachers needs future validity and reliability studies for the sake of ILS's original target learner group who were engineering students. This valuable instrument could be helpful for prospective teachers only if its previously well-defined structural model is valid for them. Thus, it is important to examine whether this instrument could be used for determining the learning styles of the students of faculty of education or not. In this study, it was aimed to test the construct validity of ILS for the prospective teachers. It is hoped that the results of the study will be helpful for future studies regarding the ILS. Felder and Silverman (1988) defined the learning style through five dimensions each with two poles which corresponds to two features of learning related to specific dimension for the learning styles of the engineering students. The five dimensions and their two poles were perception dimension with sensory and intuitive poles, input dimension with visual and auditory poles, organization dimension with inductive and deductive poles, processing dimension with active and reflective poles, and finally understanding dimension with sequential and global poles. Later on, the organization dimension was excluded from the model and the auditory feature of learning of the input dimension was changed as verbal learners (Felder, 2002) .
Felder-Silverman Learning Style Model
The final version of the learning style model is composed of four dimensions and two features of learning within each one. Perception dimension means the type of information that a student prefer to perceive in two ways; sensory or intuitive. The second one, the input dimension means the sensory channel while perceiving the information; visual or verbal. Processing dimension refers to the ways of processing the information; active or reflective, and finally the understanding dimension is related to the progress of the learners during the understanding period; sequential or global. These dimensions of Felder and Silverman's model identifies the process of receiving and processing the new information to be learned and proposes related teaching styles to help the learners with different features of learning (Felder and Silverman, 1988) . Figure  1 shows the learning style dimensions and the corresponding teaching styles. This figure was derived from the table created by Felder and Silverman (1988, p. 675) .
As showed on Figure 1 , there are various teaching styles corresponding to related learning styles. In this context, if an instructor generally teaches according to his/her dominant learning style, some of the students might fail because of their different learning presences other than the instructor's. It means matching the teaching styles of the instructor with the related learning styles of the students might result in more effective learning-teaching processes. The related literature also supports this claim through various empirical evidences (e.g. Ford and Chen, 2001; Bajraktarevic, Hall, & Fullick, 2003; Bozkurt and Aydoğdu, 2009; Hsieh, Jang, Hwand and Chen, 2011; Mustafa and Sharif, 2011) . Thus, it has become important to identify the learning styles of the students and design learning-teaching activities accordingly. One of the mostly used valid and reliably ways of identifying the learning styles is the selfreport instruments. The ILS is one of the self-report instrument used by the researchers and educators as a valid and reliable scale.
The Structure of the ILS
ILS of Felder and Soloman (2004) is designed to assess the preferences of the learners for each of four dimensions of Felder-Silverman Learning Style Model (Felder and Soloman, 2004; Litzinger, Lee, Wise, and Felder, 2005) . It is defined as an online questionnaire and two important issues related to the index are highlighted to make caution. Firstly ILS results provide the preferences of the learners, secondly ILS results "provide an indication of possible strengths and possible tendencies or habits that might lead to difficulty in academic settings" (Felder and Soloman, 2004) . In this regard, the produced student profile by the ILS does not indicate the suitable or unsuitable subjects for the students or does not refer labeling the students according to their preferences.
ILS has 44 items for active/reflective, sensing/intuitive, visual/verbal, sequential/global dimensions of the Felder-Silverman Learning Style Model. Thus, ILS with four learning style dimensions has four sub-scales. Each dimension has 11 questions with bipolar choice indicating two learning preferences. It means the learners have to choose "a" or "b" but not both for the answer of each question. Below question is taken from the original ILS in order to exemplify (Soloman and Felder, nd A learner can gain scores from 1 to 3, 5 to 7 or 9 to 11 for each scale. Scores 1-3 mean the learner is fairly well balanced on two poles of the specific dimension. Scores 5-7 refer to moderate preference on the pole that the learner preferred and scores 9-11 mean the strong preference for one pole of the learning style dimension (Felder-Soloman, 2004 ). For instance, if a learner's score on visual-verbal scale is 1 to 3 on the verbal side, this means the learner's preference for being verbal is mild, at times she/he could prefer visual learning material as much as verbal materials. If the learner's score is 9 to 11 on verbal pole, the learner has a strong preference for verbal learning.
Methods

Sample
470 students of the Faculty of Education at Anadolu University from the 1 st to 4 th grades attending various teacher education programs at departments of primary education, foreign language education, computer education and instructional technologies participated in the study. The prospective teachers were selected randomly and all of them participated in the study voluntarily.
Data Collection
The process of testing the construct validity of Felder-Soloman Index of Learning Styles for the students of faculty of education began with examining the previously adapted version of the ILS into Turkish by Arslan (2003) . In this regard, the adapted version of the ILS was examined by considering the original version of the index. The Turkish version of the ILS adapted by Arslan (2003) was decided to be used in this study because of the high correlation between
The Construct Validity of Felder-Soloman Index of Learning Styles (ILS) for the Prospective Teachers the Turkish and the original indexes (Arslan, 2003; Arslan and Aksu, 2006) . Meanwhile, the necessary permissions were taken for the adaptation of the index for the students of faculty of education both from Dr. Felder and Dr. Arslan. The previously adapted version of the ILS by Arslan (2003) was applied to the sample. It took approximately 20 minutes to fill in the index and fully answered 431 indexes without missing values were taken for analysis.
Data Analysis
In order to confirm the construct validity of the ILS for the prospective teachers, Confirmatory Factor Analysis (CFA) was conducted. CFA was performed using Lisrel 8.7 statistical package for testing the four factor-model of the ILS. Because of the variable type being nominal (dichotomous classification scale; "a" or "b", but not both), correlation and asymptotic covariance matrices with "weighted least squares" method were used (Şimşek, 2007) . During the CFA study, seven operations were conducted to test the model of ILS. Three criteria were followed for assessing the model: T-values, the error variances and goodness-of-fit indices were controlled. Firstly all of the t-values were checked and variables with insignificant t-values at the significance level of .05 were excluded from the model. Then error variances were examined and the observed variables which had error values higher than 0.94 were excluded from the model one by one. Finally goodness-of-fit indices of the model were examined. For the internal consistency of the each dimensions of the ILS, KR-20 values were calculated. The reliability values were compared with the results of the other studies.
Results
In the current study, CFA was started from testing the original ILS model which has 44-item four dimensional structure each consisting of 11-items. Table 1 shows the original model of ILS. -8-12-16-20-24-28-32-36-40-44 To test the construct validity of the model of ILS given on Table 1 , seven operations were conducted to find the best data fit of the model. Table 2 shows the number of operations on ILS, items with insignificant t-values, excluded items from the model and x 2 values obtained. According to Table 2 , the first operation was conducted to test the 44-item structure of the four dimensional model and the test results gave five items (8-10-12-17-39) with insignificant t-values. Indeed, the obtained x 2 value was considerably high for the 44-item model. Furthermore, the error variances of these observed variables with insignificant t-values were 1.00, 1.00, .99, 1.00 and .99 respectively. According to those results, 44-item ILS did not revealed a model fit with the data at hand.
In such cases in which there are insignificant t values and high error variances, Çokluk, Şekercioğlu and Büyüköztürk (2010) advice to exclude related observed variables from the model after checking their error variances. Similarly, Şimşek (2007) makes caution about excluding such items from the model. Based on the related literature on CFA, before proceeding with the second operation of CFA study, these five items with t-values higher than 1.96 at the significance After eliminating five items because of t-values and very high error variances, the second operation was conducted to test the 39-item ILS model. According to the result of the second operation, x 2 value was dramatically decreased (x 2 = 1240.55). Even though the respectively low value of the x 2 , when error values were examined, items with error values higher than .94 were identified. Beginning from the highest error value, related items were eliminated from the model one by one starting from the Item-20.
The following operations (operation three to seven) were conducted in the same manner as the second one. As showed on Table 2 , after each operation, x 2 value was decreased and took its lowest value (x 2 = 910.38) as a result of the last (the seventh) operation. The CFA study regarding the model of the ILS was resulted with the seventh operation because of having all of the t-values significant and error values lower than .94 as a result of the last operation. Although .94 value is also respectively high regarding error variances, the concern of content validity made the researchers result the CFA study after eliminating Item 43 as the last item excluded from the model. At total, 10 items were excluded from the model according to the CFA study of ILS through seven operations. Some of the goodness-of-fit indices of the 44-item ILS and the final situation of the ILS with 34-item were given on Table 3 . Additionally, the result of Chi-square test with Chi-square values and the ratio of Chi-square value to the degree of freedom were also given on Table 3 . According to the Table 3 , there was a considerable decrease on the x 2 value from the first CFA test for the original 44-item ILS to the seventh test with 34-item one. On the other hand, both of the x 2 tests were significant as usually occurred on CFA studies even though insignificant results were expected. However "the chi-square index and its p-value alone cannot be fully trusted in general as means for model evaluation" (Raykov and Marcoulides, 2006, p. 43.) . Because x 2 statistic is sensitive to sample size (Kelloway, 1998) , other parameters were reported here such as x 2 /df. According to Şimşek (2007) , the Çardak, Ç.S., Selvi, K./JSS15(2)(2016):675-693 683 value of x 2 /df lower than two indicates a good model fit to the observed data. As showed on Table 3 , both of the CFA tests gave the lower than two value for x 2 /df (1.747 for 34-item ILS). Hence x 2 /df value of the 34-item ILS might be taken as an evidence for good fit of the model to the data.
Among the other fit indices, GFI (Goodness of Fit Index), AGFI (Adjusted Goodness of Fit Index) and CFI (Comparative Fit Index) bigger than .90 indicate acceptable fit of the model to the data (Şimşek, 2007; Yılmaz and Çelik, 2009) . In this study, GFI and AGFI indices kept the value higher than .90 while CFI value remained lower than .90 although it increased considerably. According to Yet, West, Finc and Curan (1995) , CFI value is quite reliable to make predictions regarding data with normal distribution which is not the case in this study (Cited in Şimşek, 2007) . When GFI and AGFI indices were considered to make predictions regarding model fit of the ILS to the data, 34-item ILS showed better fit.
Among the other indices, RMR (Root Mean Square Residual) should be below .05 for acceptable fit (Şimşek, 2007) . As showed on Table 4 , even though RMR index did not decreased below.05, it took its smallest value of .063 as a result of the seventh test with 34-item ILS. In this study RMSEA (Root Mean Square Error of Approximation) index which is among the most informative indices and gaining popularity (Kelloway, 1998; Raykov and Marcoulides, 2006) might be taken as the predictor of the model fit since RMSEA values less than .05 indicated the good-fit of the model to the data (Kelloway, 1998) as it is the case for this study. RMSEA took its smallest value (.042) on the seventh CFA operation with 34-item ILS. On Table 4 , the sub-scales and the numbers of the remaining items on each were showed. As indicated on Table 4 , one item from the processing dimension, similarly only one item from the perceiving dimension was excluded from the scale. On the other hand, three items from the input dimension and five items from the understanding dimension were excluded from the ILS. The original 11-item structure on each sub-scale was highly destroyed as a result of the CFA study.
The Construct Validity of Felder-Soloman Index of Learning Styles (ILS) for the Prospective Teachers
However, this 34-item structure might cause some problems in terms of interpretation of the scores gathered from the ILS. Meanwhile, excluding five items from the understanding dimension might weaken the content validity of the last dimension. On Figure 2 , the path diagram of the 34-item ILS was given.
Figure 2. Path Diagram of the 34-item ILS
According to the results of the CFA study, the seventh operation regarding the 34-item ILS might show the best fit to the data at hand though the concern of content validity. Nevertheless, before claiming anything about the validity, the internal reliability ratios of the ILS had been calculated and interpreted.
Internal Consistency Reliability
The internal consistency reliability of the Turkish Felder-Soloman ILS for the prospective teachers was calculated as KR-20 value and found to be 0.60 for the whole of the instrument. On Table 5 , the reliability ratios of the each dimension of the ILS were compared with other studies.
Çardak, Ç.S., Selvi, K./JSS15(2)(2016):675-693 685 A/R: Active/Reflective, S/I: Sensing/Intuitive, V/V: Visual/Verbal, S/G: Sequential/Global
As given on Table 5 , the reliability ratios of the ILS in Turkey were near each other for all of four dimensions. Despite that, sequential/global dimension had very low internal consistency reliability in the studies conducted with Turkish students and the current study had the lowest value (.20) for this dimension. The study conducted by Atman et al. (2009) reported the highest reliability of sequential/global dimension of the ILS (Cited in Aslan, Öztürk and İnceoğlu, 2014) . Additionally, comparing to the other dimensions, sequential/global dimension had almost the lowest internal consistency 
Discussion and Conclusion
In the current study, CFA was conducted to understand the construct validity of the previously defined structure of the ILS for the prospective teachers at Anadolu University. The 44-item four dimensional model of the ILS was tested with the data at hand to find out the model fit which was defined as "the extent to which a hypothesized model is consistent with the data" (Diamantopoulos and Siguaw, 2000, p. 82) . According to Çokluk et al. (2010) , cross-cultural scale adaptation studies could start directly with CFA study only if the scale's factorial structure was validated in its original culture. ILS, as one of the most popular instruments of learning styles and preferences, was validated by various studies (eg. Zywno, 2003; Felder and Spurlin, 2005; Litzinger, Lee, Wise & Felder, 2007) .
According to results of the CFA study, 44-item four dimensional model of ILS did not present a model fit with the data at hand because of some items with insignificant t-values and very high error variances. Similarly, in another study which was conducted to reveal the soundness of the ILS for Arabic sample, the results of factor analysis was not promising (Al-Azawei et al., 2015) . Actually, such results are expectable because of cultural differences and boost the need for developing original scales of learning styles specific for each culture.
When the CFA study was continued, 34-item four dimensional model of ILS produced more acceptable model fit to the data collected from prospective teachers at Anadolu University. However 34-item ILS might not be convenient with the 44-item original structure of the ILS since 44-item is separated into four dimensions so each dimension has 11-item in order to make the highest scores equal for each sub-scales. Therefore, the final version of the ILS revealed in the current study might cause difficulty to the learner while interpreting the learning preferences. Indeed, the content validity of the scale especially for the last dimension in which five items were excluded required future studies.
Although the goodness of fit-indices of 34-item ILS were promising, before deciding on the construct validity of the 34-item ILS, reliability study in means of internal consistency was considered. The results of the internal consistency reliabilities of the four dimensions of the ILS showed that apart from the sequential/global dimension, the reliability values of the other dimensions were acceptable. On the other hand, 0.20 value for the reliability of the sequential/global dimension was very low. Similarly, in other studies conducted in Turkey related to the ILS also reported very low reliability values for the last dimension of the ILS (Arslan 2003; Samancı and Keskin, 2007; Aktürk et al. 2013) . The reason of the low reliability values of the understanding dimension (sequential/global learners) might be the same as the current study; the content organization of the curricula in Turkey generally follow sequential paths and Turkish students get used to take information sequentially. The fact that was revealed in Turkish studies might be taken as a caution for curriculum developers. Curriculum developers should consider global learners when organizing the content through starting with the cases, aims and objectives, summaries or other learning materials to help the students understand the big picture before proceeding with detail information sequentially. Educational psychologist should also take the results revealed in the studies in Turkey regarding the low reliability values of the sequential/global dimension as a need for further studies. In this context, the conformity of sequential/global dimension of the ILS to Turkish Culture should be critically reviewed. In the future studies, this dimension might be excluded from the model or the items of this dimension might be re-written for Turkish Culture.
Other three dimensions of the ILS have acceptable reliabilities because all a bit above 0.50 (Tuckman, 1999) . Therefore excluding the sequential/global dimension and using the three-dimensional ILS might be considered in order to determine the learning styles of the prospective teachers in future studies. However, taking the ILS with three dimensional structure requires future validity and reliability studies with new data, because the data was collected in the current study based on four-dimensional ILS. When three-dimensional ILS was applied to the prospective teachers, more different results might be revealed.
While the reliability values of the each dimension of the ILS were considered, the reliability of the index as a whole was found to be .60 which could be interpreted as a moderate value for a self-report instruments. The twopolar scale of the ILS might have affected the reliability because the participants must have selected "a" or "b" option, not both, for each item on the ILS. Similarly, another learning style instrument which has similar structure with ILS, Paragon Learning Style Inventory (PLSI), had very low reliability values for Turkish context too (Çardak & Güven, 2014) . For the future studies, exploratory factor analysis might be conducted on ILS after augmenting the response options for each item at least to five-scale grading.
Apart from internal consistency reliability, the strength of the ILS on determining the learning styles is also questionable because of being a selfreport instrument. New trends on adaptive educational hypermedia which accommodates learning styles are based on determining students' learning preferences automatically by using the system's records on students' behaviors. The results regarding the learning styles derived from such automatic learning style detection systems are convenient with the results of ILS (Garcia, Amandi, Schiaffino, and Campo, 2007; Özpolat and Akar, 2009; Dung and Florea, 2012; Latham, Crockett, Mclean, and, Edmonds, 2012; Feldman, Monteserin, and Amandi, 2014) . Thus, in order to verify the strength of ILS on learning style identification, prospective teachers' learning behaviors during adaptive online learning processes might be observed and the results might be compared with the result of ILS for the future studies.
As a conclusion, the construct validity of the 44-item ILS was not obtained for the participant prospective teachers of the current study. Even though the 34-item ILS model were found to be promising as a result of the CFA study with the data at hand, the concern of content validity with 34-item ILS and the low reliability value of the fourth dimension of the index requires further studies in order to decide the reliability and validity of the four dimensions of the ILS for the prospective teachers and Turkish Culture.
